?a m x m 



(19)0*B#W? (JP) 



& m & ^ m (a) 



(H)«fPfflH&BS#f§ 

#^¥9-51266 

(43)&BIH ¥^9^0997) 2 H18 B 



(51)IntCL e 
H0 3K 19/094 
H0 1L 27/04 
21/822 



F I 

H 0 3 K 19/094 
H0 1L 27/04 



D 
G 



SSEBCS M*0Ut>*31 FD (£14 H) 





WS¥8 -84621 


(7i) mm A 


594067922 










(22)fflMB 


spj* 8 ^(1996) 3^138 














Lattice 


Semi conduc t 


(31)«5fcJfcfe3BS^ 


0 8/40 3, 5 9 5 




or Corp 


orat ion 




1995^3^140 






97124 ^"l/=f>, fcJl" 


(33)«5fc«3=3BH 


#H (US) 






■ 3— K X^-f — 5555 
















T^U*'&*a^^^>W97124 ■ tJl* 










S^n-fS-F^-f:/ 2484 






(74) ft® A 

















(54) B6W©^^3 «««E!£Waoffl»Cll^frSfcJ&©IalKR^j£ 



(57) [gift] 

[ami ^<*0Hoa&«CTffi£»M<oi/~^i3K 

®mz£*). »K«ffJil!Ha-Vlwfc«»SiT.4. Hfc 



J-OO 
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&ft£J£0tt~Stt l «SiE£«&-r£m8iEj£k . 

iiie*iis*ta8Rs*u iinejsi*afc«fa»u**si 

mflB^ 1 P a* >• 9 <0 K W > fcSN* 2*1- 

fcJinjSSt-r>'«>f Xk. 

Stx^M *fcft«S*ifcx. 5 y * k fr^TT* W 1 P N P 
h^y^x^k k Sr^k-f^HISS. 

TkiirfafSl PNPF5yy^W-^ ■ ^ 5 v^H 
«£ k £ «k -a TflWa***. 6*1. 

[ m*B4 1 wssms i se#^ > Ymmzmfrw 

TwlEP f- -v *A*S[ 5 5 h<7Mg%- 2 «SE£% 

f fc«> 60 N f- -v */l/«SS S 7 - E8& k , 

*iEBfci8R3fi.fc A 5.— *k «rtrt-4tP 2<0P N P b 7 

WEN +■* *MtSfL 5 7-@S&k BUie^ 2PNPb7>" 

yx^-^xs -y? toiBK:«aE**ut*2ifflaT^w ^ 

k. 

«8S5 9-EI»K:i8tt3*ifcx5 -y ?k 3*0 
P N P h 9 V^'X * k fc*tr <I k £&St k f Slfi*JS 2 

[ff«JS6 3 W^2«JItf^5>'K«fiWc«;b* 

k £«&k -rinwus 5 (=cttomK. 

tl**JS7] Bulemi. &tf?g3PNP 

^ ^-*/l^±P NPb7> ^ T'fo & <1 
k 5r#iSk-rSi«*Ja5 CRttOHK. 



Miam3PNP b^^^X^fOKrieiS -y^^ssastL 

iasi(S2«fiiT^-f ^t««s*Lfcv-^**r**2 

N f-v *A< h 7 y 9 k £ , 

9 60 frie v k Mia® 2PNPh5y^^ wMiax 
s -y ^ kcoiatii:Wfc:!ftit$#fc ^-s zt^mt-th 
it*^7tcfe®60iiis&. 

S >y ^**V -X p +ttft(HWa»6JttS3*VC t5 •) , MR 

mi PNP h^y^'X^tOBuia^— Xtfn*7 

tfLZtixa*) . Hutami PNPb^y^x^coHiftani^ 
*Ji2^ieK60ii]s§. 

[if &m i o i mm-consk^^htitzv^ 

h-7y^x^co<-X • Xi -y^H€Ek. giflJIk^ 
fto*kco3fdt«taJSU«l«EE*4Jftt4affik, 

toi i m as« k m i y - k k 6ora ^epip-ri. 

j^Sk, 

H5ieSK60mia«ffi5- fflffFtf>J&6 feiifcW"^Hc(H* 

-r^.^<. miamiy-^tottffSr^26o«E^*ii^-t 

S J: d ^mrl5^Kco«it4Sr^^-**^S k Sr^t^C: 

tfrE^2«E^itriem 1 y-h'coifrfiattffikik^-tsja 
Sk. 

Huiami y-KcOmfia«E* 5 B!iia^2mEkJt^Ti: o 
iET*ikSs mifi^-2r±JS^Siigk5:-g-tfik5r 
#®k-ri.M3RJS 1 0 pBttOtfifc. 

1 2 ] miia«^*&^-(k?-a:S 

5r^k-rSIS*il 1 1 ^ia®60*&. 
[tt#« 1 3 3 fJia^^ VV-r&UiiK 

sjask 2r^-tf k ^#mk-r*«^« 1 2 tcia®60^ 
a. 

[f**JS143 mfiaiSi!J-r-&«-^S:513fi!^^^ 
AND y— htO^ 1 A^J *J— b'Jitltfia^ 1 ft-f-SrSffi 

■rs^mk , 

gala A N D ¥— h 2 y - K±t WKiliH-S 
-f-2:Sfrr'&i^k$:#OC:kS:i^®k-f-^ii^iHl 3 

1 5 ] mj&ME& ; f*y&> L>KiZ\"<J\, 

h^y^^to^-x - iS-^SIEt. Si®Ek^ 
it60« k coWtc«lia# t v ^ 1 mEE££i£irs}&f£ k , 

mam i «ff^i>na^«k^ 1 j - y- t amxmsth 



(3) 
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■t^< „ mm i y- h*>*e**2 tonEcm**- 

<omX'$>hZ k 2r#iSkt- 4;fri£. 
[I*** 1 6 ] fflG& 1 SE££fi^r4i&fga>\ & 

fife k i"i>«** 1 5 (3Ett*>2rifc. 

rawi* 1 7 ] mm i WEB&SiiawsHiga** * 

5 -y ?ffi|fOifc*S5fl:Sii:4jtflIfc*tr£ k £^ kf 

Cftfrr4^<9fltiI"C&-?"^ 
hyyiSAWX-A ■ ^5 -y^fSSEk. StfflEk?£ 

fines i MEfctttewEfc * i y - k k «>Bifcep*rt-4 

-r4^< , mife^ i y- wmE.zm2commzmftt 

4 J: 3 fc*raES«*3ttM£^«***ak**tr£ 

Hul£^2«E^luie^l y- KWHSWEkJtlW 6# 
©k« 

totbsj? i y-K<oiriE«j±* { Hufem2«Ei:it^T e fc o 

IET*>4 k S . JB 1 (S-f-^^-r^^Si: fc*tr£ k «r 

#ast k -t&m$?% 2 3 fcietfc^fiBt. 

IM*JS2 1 ] tufa^yb-^^s^. 
fiaH-4fg^*£j«W4#Kk . 

h y- Y^&h^tsZ k Sr^S&k-f £fi§:£iS 2 0 

[»*jS2 2 ] iacy- b*s^\ 

AN D y- b *>» 1 A# U - H Jit«lE* 1 flt#*Sfi 
15IEA N D Y- V <r>& 2 At) V - HiKHnEStW-S^i 
112 1 icffi®<0fgji. 

[HHPS 2 3 ] S«^ttESr : J i 'ftffiftfe*ifcV'^ 

b?/"^^^-^ x5v:?fSffiJEk. gfeSBEkg 
*0K k OtWUKfa* t 1 «ffi2:£j£2S.tf EPSn-T 4 
firSJgR&^fitfJifck.xS -y ?BSW<OJt 



jet. Mtea^ffiemffiSrfre^^fe^^^^ 

«BW4 «fc 3 fc|JE»K^lBS*S:S«k****«** 

fgk-f 4IWSS2 3 tiaaotfBt. 
[ft*«2 5 ] mssf in&z&.m-?z*mK x 

5 >y *BifK3ifc*SMfc3***«fc*t» £ k fcWRk?- 
4IB*a2 4WE»<0flBft. 

^•>-P-^k. 

k. IJE^fc^S^tta 'J- Kk 

s^vrniBk. 

finas«k y- h k oiafc»«s*ifc ^ k . 

liafEy - H fcSSKSttfcSS 1 A~h U — H k . 
tt**ifc*2X*U'-Hk, fflffiy-MaK^MWJ- 

WtHJ* -b' k SrWT4Jt«HIKk Sr*^T 
4dk^^k'T4->X7 i ^. 

^->-l^-^k. 

^r-r4y-Mnssk. 

k . ffliafflRfc«8»s fL^m^ u — h k 4 ^-v- 

maey - h tdBR* 1 a* y - h t . «BE»fc* 
«s*ifc»2A*y-Fk, iMay-Mg»<o«»y- 

L. 

•C'V^4 £ k *WS k f 4 i'XfA . 
[ IS*^ 2 8 ] Slg<o«ff £ Tit>&h e>titz9KI,z 

^-^u—^k. 

mtt^v-fn&K y- Kts«s*utA*y-i«t 

^-4y-h0»k. 

k, H3aai«t«a«s*^i:ai*y-Hk**'f6^- 
^yrniBk. 

frfBSKk y- h t^zmm^ivti^^y 9 1 , 
Kjey _ h (cjjSKsnfcss i a^j y - H k , mffi^tc^ 
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U 

atria* ^-^offi* f - h wsasftfcA* y - k * 
miey- h ms&o&Jj y — h fcJSttSftfcA* y - h 

mis/ - k t«stt**ifciis i ?Ji o—vt. nsMizm 
asn>tfti2A*y-Ht. wey-MiiiKowaiy- 

u 

£> 0 . «T£ttttlII»#iil^T* *) . mfiSttffiiiiJffllf&il 

ssa***^*!*^* y - h y - y * 

[00 0 1] 
[00 023 

ivt&nfflts] mosRx/c mo s^msstotffcii, 
#tt£&#t-&^<3W»inii8^»£ttBE < "vbb" ) 
*M»-f * - swy-r s *> oa* 

&s. ^«#&<4. uurtur "is^ytyr j£io* 

HEh.4. ^OJ: a =3rH#>' ty/Si'^tAli, gEK 

$K ( Idsat) fc^S^^t^rV^^L^vMI 
®E (Vt) Zi&TZitZ. 
[0 0 03] HI (2, 10. ANDy-h 

12 0. ®Sfltf-T-i;#>7° 13 0.3 wo—* 1 
4 0 . 15 0. ^ffiHISS 160 t-t-tf 

^cOSK.-Kye^^^T-Al 0 0£*LT^S. 
«^«ff^[3SS 1 5 0(4. 3 ^nV-? 1 4 0©fiA 
flUfrf-fcWEVreffctttS-r*. CEVref {4fiT'S> 9 . 

. &ifW 16 0 «4S««EV B B Srftiii L . S 



1 4 OOjEAWffffcfttt"*"*. 3 WCU-^ 1 4 
OtfDffi^jy-HJiANDy-M 2 OOA^'J-KO— 
-?te&a£*VC^S. AND$*— M 2 0<OflfcfreDA:*J 
sJ-S/l/-* 1 1 0<Offl*y-Hfc«NK$#lT 

[0004]^T. *K«ffVBB^«EVrefiO 

OliWlOffll^ANDy-M 2 0^fcifJ*i-4. 3 
y^u-? 1 4 0*»MI«0«*£WIbfcANDy- 

M2 014. ANDy— M 2 0«0td— ^A^'J- 

SO fi£^-C. ^i^-* ilOfcJ:-> 
3 o^easivsrv*. «s»itf-^-^>'ri 3 onm 

^Sitt^-v-^yrX'AO. ^-^u--^ 1 1 OK; 
frlraiii^KJWM-*. is?ffVBB*ti 

ffiVref iOfi^t*. 3 0J4 

[0005] — -fj. B B i)<W± Vref «£ OS 

(4AND^'-M 2 0t=S«il«#*aj*"r4. «-J 
T. *1 1 0{ci-5T*lfiS*i4^Ov^«# 

{4. AND h 1 2 05raj§LT^41±f-r-^V 

ri3 O'seA^*. Slttfir-^riaott 
^ d y ^m-^cjeaf LrasRfcft««f^iiii « i o ten 

^L. **UcJ:-aTaHMEVBBtt<Kr-r*. 

[0 0 06] L^t^Sr*^. a^u^ytry^snitft 

BB(4±#f2>. 3WW14 0> ANDt'- hi 
2 025.^*^^— ^jtfxri 3 0(4#i#SIl]f8S:Jg 
fi£L. mEVBB5r«SVrefK«l^t<*H^-r?.'< 

[0007] iE^ytV/SyXfA 1 0 O^fSKItf) 
— oti. S««ffiV B B Sr«EVref t imtt Z b 
T-^aioK. £ffiM&VBB%m&-t&Ztl l z$)Z>. 
^^i/XfAtii^ tfKbUlKIl 6 OaWMKrEWRT 

■Tv^. Stc. S^ftE^ElSSl 5 0(i. *^*PS* 

»<?^a»t:WiSii. J W'^ fi^'EEV B B 

(4. ffig^tryj/sSS'Xx^ 1 OOKMV^T-0. 5 
VJ^S-2. SVig^^iHU^I*^'. ZtH*$><(T)fcm 

[00081 
[0009 ] 



(5) 
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JZ&i/y h£-\thtztf)<?>\''<)\'i'7 ? (levelshifter) 

[ooio: xftwco— mwmizxz i: . atB&jctf > 

JEfcHEVhgrtflts^FS-fr*. nyAV-^WSA* 
T„ a6WMEVBB*«lB-*-*OK:«K i S:«iajEIBACP 
BOft (fllfc. Vsum) ICflSfa^LVVttffSr^^Ftt 
&tf^EI»tt*»3Ili]BfcJIMU «S 

& . **>tt*. s^mEv b b (igfo - vbg^ l v *m 

[00 11] dOSUSMTiis u-^/l^^JimEVbg 

££fi£^.&Jt«>^;>'F3r-V -/T>J 7rl'^ (band gap 
reference) fc*At^4. ^t- «ffiVbg(±. Mil 

reus*, aft. s.y r «a§io^»tcJt«w^#s^t< 

u„ *<a*S*.'£«EWEVBBfc«Srn-fc.*. 

[0012] znmmMxa . f=¥ -v -y r y 7 r u 

Vscnse=VBB+VIig 
[00 16] HJ*>. £<0±S-b\ Vsense=VB B+ 1 . 

[0 0 1 7] 1/^7^2 1 OOiJWjU— FJ4. 
y\'l — ^140«0iEA73 , J-K^Sr$^TV^„ n> 

^i/-^i40 ofldr^A* u-Fii^y nmtflfete 

»fc«flS3*l.-0**. ta^T. 1S1EVBBA«-1. 
5Vi 0«V%i:#, SffiVsenseJiftrafe 0 . 
— *140ttSWI0fB^*ifWrt-4. a^lz-J'H 
OOtiMjU-FttAND^-M 2 0<9Ay l jy-KfcJg 
tt£*LT&9. ft-aT. ANDJ-'-b 1 20*>tHI0{I 

^a^T s . and ■y— n 20 <F>fc-fi<r>x-h y — F 

ot, iCO^-, ANDy-M 2 0{±^->'U'-^ 1 1 
OizX^Xtk&ZtL&rv-ytm^ZANDir'-y. 1 2 

o <wtiji y - f £fi»§*vc v ^ - sak 

1 1 o\±mmmA oMHzco^o /^fi-f-srai^-r 
4. 

[ o o l 8 3 c oSBtfTCti ? d y ? fl-^^fite-f-r 
-zStfy-Tl 3 0'\tmi&2-£ti , 9ffljtLti*)-?&<7)i,z 



EUTCii. AyH^77* l J7ruyxil ^t«N'7 
x/l^To-fcXT^ 4 Z t<?>T'* hrt—*f-t)lVP N P F 7 

[00 131 

[^coHSfeco^^.] S2(±. mLtfyVyyiRisXr- 
A2 0 0Sr*UTV>S„ ^C0^Xt-A2 0 0{2. 3j-£^l^ 
-^110, AND^'-Fl 20. **fif-v— 5^K> 
ri30. ry^-^140ayi/^y7?210 

t#SfflF9J&*ftSilT <^4 . 

[0 0 14] l"^/Ws^7^2 1 0<i. «EVbg$rtH^ 
SAyH^ 7 7 ,, J7Tl'y^2 1 5£#A/C^4. <I 
eoHtefflTii. «JEVbg{iMfc 1 . 5 Vlc^l, J; -3 Kf£ 

A'yK^77'J7rl/^± («KE83lcHlgi 

E 0N i:VCCj:9fl£v%L£v *£WE V t comnftMO 
W£*9Mrt& «t -3 tcSftSPr* - £ 4 . Ay F^ 
A-77y7rl/^2 15li, U^>-7^2 1 0<7)ttJ 

HaSWTIi. K/l-^7^2 1 OJiJ^TcO^ ( l ) fcJ: 

[00 15] 

t»n 

5ft (1) 

(giftf t-^yri 3 0CM§ixi;«^^ -y 
^-cotfi7J y - FJi^jlttffifcti;^ ^^v^co t ) ^ 
J: d ^rffcco^-'— F 0SSS:fflv \& z. 1 1 T§ 4 . 

[0019] ^4ttf-v-^>-n 3 OlitfefcfiD-?-^ 
-^yrrft 0 . ^coajTi U - F{i*Ettg^$ixT 
*jy. ^r^U-^*^(7)^a-y^ff^-tcjE^UTa^(c 

VsenseA^^y Ftt&«fc , 9fi<. 3^-^140 
*^giOm^^ai73L. ANDy-h^yU-^1 1 
03&^^^o-y^ffi-f-S-3iai$-li:^rV^#t(i. ^Stt 
f+-^yn 3 otil&^U^v*. 

[00203 -^, iStEVBB*<-l. 5V«fcr>i« 
V^-^. K;U£/7^2 1 0*^ai^§tT.4«EVsens 

diit^s. znmm. ayw-f i40(it&ai 

fi-^2rai7JL. ^•WC.t-j-CANDy-F 1 2 014^ 
1 0tc<J;^T^S^4^Oy^fi^S:^i1± 

fA-^yri 3 o^tms-fr*. 

3 0{i^>-L'-^ l l o*^j*f>ttT<.&^o 

•y ^ m^zsm lx mmzMmffi mye> 
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[0021] &W&h*-V#V7' 1 3 OlifflK*ffiV 

BB#-1. 5Vj;0ffi<^-i»*t'ft«^^>' t * y:/ 

OA^^fli^^i^T, AND^-M20li?O7? 
SMtt-?-^ — 1 3 O-^iii-^^+jt-r 

VBB#_b#L-l. 5V«fc>)iti<&&i:. ^ynv- 
9 1 4 OfcUitfctflWU ®M.&1-r~-=J#y71 3 0 
£S&f£S-£<&'<< * ANDy-hl20^y^l 

i oa>6w?o-y?m^taifii£-tf&±?£^>. 

idle. K;^7^2 1 0. 3^tW^14 0, A 
N D y- M 2 0 Sl^g-Stt^-i^^ 13 0 (c J: 
ot»l«S*ufe»ailllHi. *WBEVBBSr«Ha- 
1 . 5 VCftoJ: 5 lzMft-fZ> . 
[ 0 0 2 2 ] 132 ic^-TJ: d 2 1 0 fc =J 

y^V-^l40^}g^-r?.c:i:t~i^'C. fflSSJEV 
BB?r«iaJU-C-e^S:F^fflcottflE (^co^-l- 5 
V) hJt^-fSES&A^ HHC^iUt^&ioWgl^ 

$^eiajiH]s& 1 6 o js.tf 3 y^-a—? 1 4 otc«^ 
i ote&ffinis&i 6 otc^J; a hx-mm 

[00233 WiZ^ 1/^7^21011^^-/ 
7'j7rUy^2 1 5 Sr-ivfC'V ^ffiEIS&l 6 

?ixt-<v>. iotft. ^^ytry^^xf-^2 0 
0 {4 J: 0 n^zmWMSN B B SrWMwmflE^^t-IS 

[0024] ZVmmte. 1 0 0 A*»ay- b 
K-fESiJ £ -If tr-fe/Wr ' *W * <f x. ?t BSvi fft izM* ?T 
7n/577';l'ny 'y^f^M ^. (programmable logic 

device: PLD) COi ?^CMO SE*8EtfftetHvCfH 
V^ixScOlCflJ^^^^. CMOSfcV*"3JHBtt. * 

-te/UO-feyxSg£ ( Idsat) RT/VUi^ P 
LDCOtSmc^S-rSMS^^^-^T'lbS. PLD 
Oittfmj££«46& KUL I dsat£*£ < LVtSM£< 

[00253 —mz. Vt&Xf I dsatfiffl:§-fc 1>£MM 
ffVBB*(£<tl.;fcCi Ls^U*** 
6. £Oj:5 i S:PLD'v*>»BeiHvni. SMmSEV 
BBIi. N+jl^i^V-^^VtK}:- 



— ^^VOfefiftfriWliS-li:*. let. S^SE^fl.^ 
2: S fc fc -b/KOf - -v ^ fc «9 00^**:*: £ < =Sr & 

fcTOtfSHrt- iit 36**4. «6->-C. *m*flEVBB 

^afflWCtt, 1 • 5 V ± 2 0 0 m VcOlS 

fH£tf»S*«>a* 9=Sr< . ifcHSW#i U Wt&tf I dsa 

[0 0 26 3 H3I±, Pf-^^/l^KKS^— 0B3 1 
0, Nf**Jt«[S5-@tt3 2 0, ffi^RlWR 
2. PNP h^y>-*^^Q171jMQ3t:-&tfK^7 
^21 0«0— IU60!li:SL"C^&. 

[0027] pf-^*^ia[5 5-iii»3 1 oii, mm. 

TV>4. 8!-»t. h9VS***PlJbSP3fcaBh.*« 
SEIi* 5UtWl=RtT*4. Pf-**Jl'««5 9-l3I» 
3 1 OOh^y^^P 1J^MP3{±, #«mgEIptat 
SrSS-r. h^y^^ P l&tf P 2<0f-v^;HiN^-v 
5-0SS3 2 0c7)^®Wt|5l— ^rNf-v^ 
h^yy'X^Nl dttf N 2 <7)^- -v *MZWSL $ ilT V ^ 
4. ioT. Nf r^h7y^'X^N 1 
ix4«gTit ifc I ptatT*« . 

[0028] h5y^Nl<0y-X«PNPh7y 

«-9-C. h7yy^^Ql{±b7y^?NlKlS 
[00 29] h7>-^^N2^V-x{iffiin:Rl5r7> 

9 y i^'x^ q 2«o'<.-^ii^7 y v«(i«»afc:ijetts 

ii/Cis 1 ?. h^y> ? x^Q2<03U-^^{i:*^S^§ 

[0 0 301 Nf-A-^>;V-mS55 7-HIS§3 2 0<?)h7y 
^'X^ * »StL4«S[{±. JXWX o lzm&Z tit . h ? 
yj/'x^Ql S.t^Q 2 fTX-xti^-? v V *fflflBS«fc: 
S»S*LTV^4fe«. h 7 y^^Qi^-^^f- 
9 y^XQ 2 ^-x^comE/P-T^-g^JiOT^ 

(2) cOidtSrS. 

[003 1 ] 

HS2] 



(7) 
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VBEQi+(Iptat)<Rl.)-VBEQ2 = 0 



Iptat = (VBE 02 -VBEo 2 )/RJ^) 



100 32] 
[00 333 



R 1 



[0034] JiiStilR 1 ^ffitnffi. VB E,i ii J- 9 

VBE = (-Vt)(1 n[Ic/Is3) 
[00 3 6] .1.1 T\ V T {i?S^ffi (thermal voltag 

mx-foz. & (3) t& (2) ta»^*)*6itK:i 



[0035] 
[»3] 



[0037] 
[»4] 



a: (2) 

x? 7 *HKE«J2lTtf>* ( 3 ) 



5* (3) 



Iptat = (Vr)(l n[IcQi/I »«,,]- 1 n[IcQi/Iso2])/R_L 



= (Vt) (1 nil sqj/I soil) /ILL 



it <4) 



[0038] i^T\ V-7>i ? X^QiatXQ2c0nl^ 

[0 0 3 9] isiih^^vx^coxs -y ^BfrffiSttJt 
M-fSJttfK Ef4-«0Tn-fext;*rLT. a£ (4) (±iS 
Iplat=(V,)(l n[A])/M 
[0041] lit. A(ih^y>'*X^Q2c7)XS 

4. SK. !&ttEV x (i3£ (6) lz£~>X5-tL>ix&. 

V,= kT/q 

[0043] ka^/^y-r^jeR. -m^t 
v c k) -c«Lfcffl*. qtt*F*>«we*4. * 

(5) fcst (6) fcffla^irfcSIfclcJ:*)* (7) ** 

I pUt= (k T/q) ( 1 n [A]) /R_l 

[ o o 4 5 ] 35 ( 7 ) mat i puwmmmizitm 

[0 04 6] Ht>'ia3 5r#Hg$^V->. Pf+^h7 
VS?A^P30KW yteffifit R 2 UT ?4 V 
WfitZtlfz (diode-connected) PNPh^y^^Q 

Vsense-VBB = (Iptat) (R2)+VBE,3 



(5) tfoiat^^, 

[0040] 
5] 



[ 



[0042] 
[»6] 



(5) 



it (6) 

ft 

[0044] 
[»7] 

A (7) 

SS5HHB3 1 OcohyyfAfPl^ t&iKK2t. 
P N P h y > : J*9 Q 3 £5iLTtte£ I ptatSr^^t 
8W. flt-sT. StaR2i: h^y^X^Q3COi^Sg<om 
EBTIisC ( 8 ) J: ^ Ml* . 
[0047] 
[88] 



= (kT/a)(l n[A])(R^/RJ,)+VBEo3 5£ (8) 



[0 048] d« 

[0049] 

[#2] 



R2 



[0050] (iffitjER 2«0j6fiiffiT*) 0 , «EVsense 
55 (8) Ji. • iS'y^ffit. f&W± 



2<3Rlfc*H-*JSfiMW>Jt. 
L£v*tt«E*j«!Hcj&bT» Sit 

<fc o ic-ti 1 1 4 . ttSS I pt 



(8) 
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atoWEKJtW* ^ *= J: 0 . PNPh?y^Q3 
^X-XIS -y ^r H Wffi^^a^^<±^7-fe y b £ 

ft. lt«eWiaK^^#S^^ < v-W«E:W#6ft4 . 

[0051] V^Visyf 2 1 OO^^SWCti:. A 
U*>1 0fc=5r4i?ft:l£H-£ft. StffR2f)filn:R 1 fc 
i«-*Jtli»l 2TftO. VBE Q3 {i^7 0 0mVT'25 

S*u A&iXffiJSfitifcJiBiracomJE* 1 '^ 6ft 4 Jt r> fcSE 
•lfcS-t»:4c.fcj&*T&4. W3ft4J:?fc:. Ayb'^-v 
77'J7rl/^ * £ 3 •£ 4 fcAKtt . A 12 

[0052] K;l^"7:J> 2 1 Ocr>Zcr>m&MVi±. aS 
KflWC (TCp ) Ji^Wfc/hS < ± 3 0 0 p p m/'Ct 
^■^TM. ^-?T. 1 0 0°CcO^SicH^HoT. m 
ffi^-ftiS 10 0m V5feHT'& 0 . i <7)ffi<±- <7)jSfflplJt 
tJtt&mE^O^TiO$lJP5 (HP*>. I- 5V±200m 
V) t*ItC+^*-5TV^„ 

[00 53] 03W^f : = 1 ft77'll7rl/y^2 1 5 

iSX?i3.y4*-F®mkLTi>£<, -?-ftft:J:oTB 
JfflM&&*3&b4£i:t> i flrv>. 55*=. 7-ES83 1 

0 3 2 0 (2;*. 7"— ;l^5E nTfiET'£> *) . -£ftfc <fc o T 
J£#tR 2eopi^«B»T£SfflW"4 - i: aS^TttT* 
4. H»S$7-mii&3 10&tf3 2 0kL ^-f 

/WW (Wilson) ifcJi^^ir-HKSWJSGRiffl^T 

[ 0 0 54 ] «gSE5^-ESS3 1 0RV3 2 0t22O<9 

ft:. ««$5-E»3 10»tf3 2 0#1ESIptat£S[ 
L"0*4ttJBT*4. fW«£Jt«BIM«W55-EIB 
3 1 0 RXf 3 2 0 tzmUfiSLttX V l vRJBT* 4 . 1^ 
^•/7^2 1 Ofi. WKftAOTSKS 7-05S3 1 0 
&t>*3 2 0A 5 m^iIptat£^-<^£&aE^4'^<. X? 
-bT'y7MUi&3 3'0 £-&A/CH4. 
[00 55]^-b7-yr»3 30li. y-hsWt 
Evcc*ffil^4WEKfc:«tt§ft. V-x&f^y 

vmizmtemt,zmmztiKNi--r*>i>hyy> ! x? 3 3 

2 £*X/CV*4 . tEVCC £>«EauWJtttt£Bfflfe 
tT*»4> (M*>. 1EVCC^>7V^332«L 
# v tt«E(3£ L fcitoifcb* 6 ) ^ USi? 4 fc, 

S>**3 3 2l±*->':t>'U y-h'S 1 <7>mEE£«E*a 

ft. X?-bT-yT*Mft:&£ft4cD£#IiE-t4^< 

[00 56] y-h*s ntP^^)Vbyy ; jx9 3 3 

4«07-*-bfc:£«$ftTV*4. b^>> ? X^3 3 4iOV 
b5^> ? ^^3 3 2(ij:-5Ty-HSlc!0ttffi*<m 



JE v c c *>6 u # i>*ttWE£££ v vfcffi <£ "5 'h£ v >ffi 
ft:3l#Tff 6ft4fc. b7V^^3 3 4(2^->Ji->' 

>\zWJOf9ft.h t b yy'Jx? P 2 Atf P 1 # 

tt&£ft4. h7V^^NlS:8Jft4«aJ:orh9 
yy'x?N2 fcSft 4 6ft. 0KliIE«iW£ 

f 4. 

[0 0 57] X^-hr-yriUK3 3 0(iStCPf-v^ 
/Ub7>^'X:?3 3 6£-£X-C^4. b7V^3 3 
6 b t *fc b 7 ^'.X ? P 2 <0 b* l<"f Vftljgigg£ 
ftT±50. S£oT. h7^^Nl, N2. Ql&tf 
Q2*8Kft6«aft:J:r>-C b7>-i>"x^P lftlfP 2t= 
VSWWx 4 t . h7^^3 3 6 i^RU9Bfc:4r 
4. b7V^X^3 3 6{ib7y^^3 3 2lCj:b^-f 
^fcT^ST'fc*), b7>>-*^^3 3 6tlJ:-3Ty-b-S 
l <o*Eli«taitE v c c tc^ t v * JUT 6ft 
4. tfttJ:o-Ch7^^334lii'-^7U 

— bT-y7*@R3 3 0«^gJ5 7-Ia]fi&3 1020/ 
3 2 0*>6W9J?t£ft4. 

[0 0 58] EI4{2. PNPb^^^QlSr*^ 
Lfct<0£3lLrt:E"C;t!>4. PNP b7Vv : 7.^Q225. 
l/Q 3 i>tS*aRKfc:9@R3ft4 . _h»LfcJ:3fc:. 
^yty/'S>'XfA2 0 0 (02)t2. cmosjEJB 
izmm-tt Z.ktfX'%&. CKOCMOS ■^.iOJEfflT'ti . 

ftfcN<7x/l'*5PMLTSeHSft4. PNPb7>^ 
^<2N'7j;;l'7'o-fextcS^v^TT r5 rjSWft:4^:$ft4S : 
4^-f^;PPNP b^V'i^^^' (parasiticvertical 
PNP transistor) £fiJJB tTlPlSft^ . Nf-v^Ur 
ys'-fX, b. CMOSfAM ^W^-'-bK-fLWi. 

pnp by yisxfnttt&^ritmaztvmiGt- 

6«58i4^. y-xiffltti«4 1 0liPNPf7>^' 
X7<F>x.$.v?$:&fct&. W7i^4 2 0l2PNPb 
5^^^tf>^-^tJg*r*. N+tk«tfS$4 3 0J± 
^-X$r^7 > H«4flBfc*fc«iW-4 . P*^4 4 0 

[0 0 591B5I1 FET5 1 0JbM5 1 3^7/ 
ffiKR2tgES$ft)t7'n^9-77*;H^^i/7^2 1 
5' 0-Sltt«t:*L*CV^4. 1/^7^2 15' 

U-^/l/^7^2 1 5 (03) fc<R-CV>4*\ K/U 
i/7?21 5t=^t5ffifiiR2!& J 7'n^9Anrfl|^:ffifit' 
R2' fcioTaiSSli.feftT^ijfitfWSri. SfiiR 
2' Offitaffl<2, FET5 1 OAS 5 1 S^y-bfcM 
epffi-§-S:Jpi.TFET5 1 07bS5 1 3 

tSR2' U "bUA (trim) " f 4 - k. 4feft. 
i^tSHIi, b7>-^^Q3£0VBEA^jt7*o-fe 
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LTv*4. WJ:<> *JEVbg*«»fal. 5VfcR 

[0 0 60] 06 (4. ^^F^fitt&JSfcS&k^ia 

^^6 0 12W^6 0 2**ti*JMfcK>'t>'*TiI»l 
3 0«0-$afcW**L"O*4. Nf+*;^5yyX^ 
6 0 i&l/'6 0 2t4:^f:*--F}£igE$ftTi3 f K h7> 

[006 1] ?0 7?Sf6 1 0(i=if^^^^6 3 0S: 
^•LTy-K62 OfcSttSiuO**. ./-F6 2 014 

./-Fax* f^v^^ o 2ti-5-cjg^s*ut^ 

■WC*-* 6 3 0*>lM8*li*&2 OpFVhi. ^fil* 

f-r-y.fv/i 3 0li*^i — 9\ l 0(;J;oT^ 
£ftfc?a-y?{t-^£?u y?a§^6 1 0fcS»t4. 

>-^6 3 0<i<r«jEttffiS:>'-F6 2 0W5at. Zil 

?60 2t&mSA#3BW:%:& . Y^Vi/X9 
60 1 ^il^T d f^>'^^6 3 0*^^7yHSft«J& 

[ o o 6 2 ] vu-ytm^mz^mm-Qii. * 

-W^? 6 3 Otc; i-aty — F6 2 0(4-?-<7>fek:fi?>ffi 

h7y^?6 0iti^i», h?yis 

^i'? 6 3 O^k Y^y^X^e 0 2 Sril^TiEm^r* 1 
SEh.4. ?-y-5*K>'7 , 1 3 0(4. »£mJEEVBB£^ 
«[fr-VCCfc^>f:*— F<oSffl*T2o# 
&imtfc9L<Wh* -vcc + 2v IN ) fc 

[00 63] 07(4. •XisX'—?! 10 (02) ^ 

ttWfca-tutaaa-ca*. r^>^-^iioii3o 

-f 7 0 3 coaj^J U - YtU 7 0 1 OA 

^J'J-F^^tl-^fS^'J^^^I/-^ (ring o 



scillator) T*4. -f 0 1 7bS7 0 3<0ffi 

T. ^v-U—^l 1 OHJ^SnsWM?/!^.** 
3Tt £-9. ift4 0 MHz CO? n>y 4y£ 
"f 4. 

[0 0 64] 08(4. 3>-AW140 (02) <7>— 

»«*^«OTCfc*. ny^u-* 14 0(4. y?y 

K«ffi«t&«fcSW3 U - F 8 1 2 fc K;t^ 

7^-210 (02) OtfJ^-Fldgl^ftfcA^'J- 
F8 1 4£*r4'&A2)K8 1 0fc*/,TV>4. A#&8 
1 0(4. *ft-?ftS&2ii1sK (f&i&MlSfS) 8 20<0A 
t\ U - F 8 2 2&tf 8 2 4 K««$*UfcatfJ 'J - F 8 1 
6^1X8 1 8fc*TLTH4. S24ISgt8 2 0*>iitfjy 
- F 8 2 6 f4£fcbf£8 3 0 OA* U - K 8 3 2 &@m& 
ftTV*4. 

[0065] A^lK8 1 0(4. 3r*.-ha*P^-v*/HEa 
S5-0&&3 1O (03) lZtm2tltzP1-*r*JVh7 
y»;P4mt^&. h7y^P4lih7y 
y^Pl JbSP 3 fcSHlWtePI— "C* 9 » A*iK8 l 

oizictthm^MtLxm^, pf^/v-msu^-® 

SS3 1 OA^S?- 1 ;^^- IKE I ptattfltfciW 

u>*»*«im-4. 

[0 0 66] Y?yi/X9VA<r>Y\s4y\i. Pft* 
/UF9V^'X^P6 atf P7W^y ft£ 

ir'-F(4n ycu— * 14 0t7)iEA^^k UT®#. 

^210 (02 ) rt^fflEVsense£gfrt" 

3^1/-? l4 0coftA^Jffi^kLTi!l^. /5^H 
*ffittl&«fcia«**i'CV^. h7yy^P6SlKP 
7<0HU-f >-(4. -?-fL-rnmtH*'J-F8 l 6Sl^Etli 
^3'J-F8 1 8tctS8E$ix-CHl>» h?^? 
P6S.t/P7c7)FV-fy(4. **t**l^-f3i--K«S»S 
a^Nft Y^y ; Jxs>^b m/N 7<0KWW: 
tif^$ft'CV>i.. -e<7)M*. «ffiVsense^5 > F 
«ffii'3ffi< : S:4i:. F7>'^*X^P6c7)^mtt* i -Ji 

mt*). ztti,z£~>xb7yi'A?P7$:ffijh.&h7y 

i/x^P4^A»^«8E(4M^-ri»„ ^oT. mtii^U- 
F8 1 6£7)«JE(4Ji#U. IEtBAU-H.8 1 8 commit 

[0067] 34*C, «£EVsenae36«^9 V F«fi<t 0^ 
v^-^-. F7y^^P6£0^'tS(4®TL. Yyy ; J 
X? P4A^ F 5 yi/Xf P 7-^.i:»i[ti.SSfl5* l 'tilirf 
4. -e^)*g«. ftffi*U-H8 1 60«ffi(4<KTL. IE 
ai^jtj — F8 1 8<£>ttffi(4±IH~&. A^S 
8 1 0(4. ffi:*JL>-F8 1 63H/8 1 8 tcH*ai^)fi# 

[0 0 68] ^2*^S8 2 0(4. mhflMZfto V- 

x&ffiZtifzb 5 yi?x fiHr-kb. zav-ximz 
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titzvyy^^mznthmma. y-h&pi-* 
^«gss^-ias&3 1 o (H3 ) fcueastutPf-'*' 

i puuzm tim b i, %«as 4 . h7V^P5 

y-.xfcB»Sivo»4. h7V^x^P8i:P9Jim 
iaH— Tft*. h9^^^P82WXP9<oy-Mi. 
*ti* ix2EA2J U - h* 8 2 4 St/ft A* U - H 8 2 2 fc: 
ftttSfLTtJ 1 ?* A*S8 1 0fcJ:oT£j£$*t4ii7}- 

as*e*&siW4. b^ys^^ps&ixpg^Ku 

[0 0 69] S&2iB*I&8 2 0t±A71&8 1 OtmUL 
(ap*>, p^^;H-5>'^^P8au'P9) cr>MM 

a^js 8io tc**v vc y -xmmz titih^y 

ZffitfL LT V*4 &ffm% 4 . b5yy'X3'N8 <r>7i-tf¥ 
h9:^**N8»y— hfc«ajE3iVO*4. h7>i? 

n ssif n 9 ff)v~xa k"bt>i>yyy b'^teftlS 

t/N9W|i]ty-h ■ y-Xff«JE£*LTV->4. {fi^j 
iJ->'82 6iib7Vi ; X^P9au t N 9cOFl^f V\Z 
»«<J*tT^4. |g2tii|gg8 2 0comA^'J-b'8 2 
2S.lXiEA^ll-H8 2 4iS. -e^-e#lA^J^8 1 OcD 

mm* y - v 8 1 8ar/iEaiu y - k 8 1 6 izmmztt 
-0^4. 

[0 0 70] *<0tt», jEA*U-H8 24<0«E* t ± 
#f 4 i: ( AA2J 'J - F 8 2 2 comff{±A*S8 1 0 <0 
ISft-ffl^^fciWRTt* > , h 5 9 P 8*)S«tt 
jWSTU h^Vi''^.^P9(7)^«'fi* J ft^*. 
X. h^y^PgWFl/'f fSEH:§(#_Bf&*U 
N 5> ^ ->*x * P 8 <0 K W y flffiiffiT-r 4 . 

[007111C IEA*U-H8 24c0flffi*>*<£T-r 
4 b ( MA* 'J — K 8 2 2 (D9miXJj&8 1 0OH# 

aj^i«fc*6±#-rs ) , v7yisx?PQ0&w&.iP& 
£>o. v?visx?P9<r> : mnmmT~?&. %<?>i& 
hjyitxfNaizm^xhyyiSxfNgizffiix 

hWfo<n%-&3r<t!:h . h7yis'X?N8b*i9cr>y- 
h ■ y— xfa]®Bi#LV"tf:tf>, h7>^^N8IM 
fitlftf^fflig (HP*>V DS **#L</h£W KA9. 3Dh.4 
mSBifit'h t =5r 0 . W «t T iffij U — H 8 2 6 <0lt 

mmr-tz. i^t. ^2itisa8 2 0{±aj*u-H 
8 2 6 i= a* ft*?- * ^s-r h ^?mm t Lxm^ 
4. 

[0072] IIS2tiifSK8 2 0<73iH:fty-h*8 2 6«±, 



■i y/*~-?Z2-0-£t!&Jj&8 3 OCOA^JU-K832 
WftBHSftT ^4 . 4 8 3 4 i±A* U - H 8 3 

2'fcStt$*ufcA:ft U ~ H 4 . 4 W<-*8 3 4 
Tii , Pf+^h7>-^^ cow/Libti N f-v 
h7>'i''^.^OW/LJtc0^2^c01 k^TUl.. i 
Oio&W/LltcoJfclCi-jT, -f>vW 8 3 4(50 

" h v -vT" ns. (sufe. -eft* 9*i^«E"CUt-f 
m^wErcimmoxtus^tLxmih) a*. sg2ig 

f§S8 2 0 Cfc-DTtfJJj U — H8 2 6tC^i§fl-g.ai* 

m^owtmuzttmLx . <s<&-3-c^4. Ay*- 

983 6 <7iXh V - WW834 <0{f}^J 'J - H 
tClg^SilTiJO. yj*-?8 3 4t,z£-oX±&Ztl 

^aj^m-^^ai* u - h 8 3 8 jcas* zti& . 

[ 0 0 7 3 ] H9(i,. «E^lfflI5£SiSI (vol age-control 
led oscilator: VCO) 9 10, ^414f-^- istfy 
7°13 0. U^OU^7^2 1 0. Z»/ifflI2s9 4 0£-&- 
t?^^tf>-^^-rA9 0 0Sr^tTV»4. K 

/i->-7^2 1 otmA^^-^yyi 3 0ii. ^ 

^^^^2 0 0 (02) ICO^-CiJ^t/a 

EVBBiO Vbg^lt^V^EVsense$rm^-r4 . 
[0 0 74] iitg&9 4 OcOttmi^yv^-^ 1 4 0 
(02) fc«TV*4*«, «itSSs9 4 0{S«]EVbg^S« 
BE V B B b comm&izitm L^mEVdif £ , a yvt 
l^-^ 14 0 (-^(t^^ -f isfiVtarhm^cDRh *) t£B 

bgct O^Fa^*^-. tilB^9 4 OtiihiKeVJ^^jE^ 
SVdif^ttS^L. *K«ffVBB*JVbgj;0^ : t<7C 
lgiHS9 4 0{iJ:bteW^:§^riE«EVdlf2r 
£t3*-t4. ^ifiS9 4 0i0tii^y-H{iVCO9 1 O<30 
Afi U - K KgM££:ft.-t V^4 . 
[0075] VC091 0(i. VdifCOffltdJtM-TSjg 
4 ^n>y^ tB^J-TS. VC09 1 OJi 

^ovco-cs>4. vco9 i ocoifi;Jjy-n±§3 
ttf-v-^vn 3 o^A^jy-b'i-^^^*c^ 

4. 

[0076] m-mi&rf-^-i/xyyi 3 o(±m«?t5-a 
^^yey^-r4J:at'»frr4. 
yri3o tfm^xyvyy^&^mfr&i$K ]i )<?>% 

®?f»i. VC0 9 1 0*^Sffi$ix4^c?>y^fl^ 

mm&zitm-rz. 

[0077] tiiHf§940. VC09 10. gS'Kf-^ 
— ^yT 1 13 0. S.l^W'^^ 7^210 {4!f§5MlH!S& 

yy^ixfz%m^^^zi^X , *««JEVBB(i± 
#tS.a«tffVBB*5-l. 5i:'?^< : ir4{5t\ 
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S£Vdifii*#<3rS. *<&16** VCO9 10I1 
«t*tt*+— ^'tf^l 3 0<iftttfif£SK£J: 9©V> 

Bfa«)«ffi-l. 5Vt=i"ja<ifi^<. 3HRWEVB 
B#-l. 5VtCjg-^<i:. mffiVdifteM^U VC 
O9 10CJ: i9±«$tti.^D«y^fi^cOjfi^(i{£T 
U SilS^-A'— y*y7 1 3oco^-^«oftffit^y 
i>T#S. mEVdif^OVMSr&fc. V 
C09 1 0«±^Q'y^fi^4^Sr^2>. LA^L^** 
6. ftW9*qHE*»6ft»taj*te-3ir. WEVdifliO 
VJ: >5ie<-h#U VC09 1 0ti-)t?D77iI-f 
j&afeflfcSih.* . lUt, S«mEV B BiflfflOK 
JV- 1 . 5 VK«t»S*L4 i. 0 tJW0ia«fftS . 

[00781 ±&,ii&mmmB3Qmmfw&*mi 

Sl^/t/i^^y F^f-r 77*1) 7 t U->-x<7)^^>^if$ 
Btt&ffl^iifcfcTS*. St. J^LtCMOSE 
* P ROMtcJMtifSB! fc J«"J«)fflJfi{£a!kOSeWBJB* 

■T 4 i =Sr < tJni»4 5 . 
[EliB*>«##St H Jn 

[@i ] Hiiiflaw>aeBz#>'-t>'^35^^-&o7'i3 

[02] 02J2. ^sJMHW-ISBftWfci&ilK^^t^ 
[03] 03te. S2(^$ixTV^|)U'^;l'^7MeI» 
[04] 0413. 03M*$ixTV^PNPh7:xi''X 
[05] 05ti. 02^$fLTV^2>^^.;^7MHl^ 
[06] 06{2. 02t*$iXTV^SM'tt^-V-v ! iK 
[07] 0712:. H2fc*S*trv*$3r5'l<'--*«>-fS 

mme>m&mx'h&. 

[08] 0813. 02fc*3ivCt*&:3 w*U-?<0— 
mfoMnM&SfflX-tiZ. 

[09] *aw»j»aaiMic3w<ass*>' 

1 0 0 flHKOtfiilfytV^^fA 

1 1 0 ^-v-P--^ 
120 ANDy-b 



130 gittfA-^yr 

140 nwcu— * 

1 5 o aspmE^±nis& 

160 fltfflBEft 

200 is*yey/SyxfA 

2 10 V<)Vi/y? 

215 *vY*?*»/~rv~?TVy*. 

2 15' K^:? 9 

310 P*-+*/l<*»59-|3]R 

3 2 0 Nf-v^/HESU 
33 0 X^-hT-y 

33 2 Nft^h^y^'X^ 

3 34 Pf+^h?^^ 
33 6 Pf-^^Ph^V^X^ 

410 v-^aartR* 

420 N^x^ 
43 0 N 

4 4 0 P££ 

5 1 0 — 5 13 FET 

60 1. 602 Nft^l/h5>'i ; ^? 

610 ^o-y^Sfff 

62 0 y-H 

63 0 ^^>? 

7 0 1—703 'fyA-^ 

8 10 AfiK 

8 12. 8 14 A^®8 10£0A^'J-h' 
8 16. 8 18 A7J&8 1 OtfOtB^U-H 
82 0 &2JMRa 

822. 824 SS2J«BS8 2 0OA»U-H 

82 6 JB2*«S8 2 0«ffl*y — H 

83 0 aj#e 

8 3 2 itJ7J©8 3 0<DA?J 'J- H 

8 34. 836 ^A'-? 

83 8 {JMjK8 3 0*>aJ*y-K 

9 0 0 SfiMfyty/SJ/XfA 

910 n&uwm& ( VC O ) 
940 ma» 

SI y-H 
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